INTRODUCTION
The thymus plays a central role in the differentiation of T lymphocytes (1) . Lymphocytes in various stages of maturation are found throughout the thymic cortex and medulla; however, only a minority of thymic lymphocytes mature completely and migrate to peripheral lymphoid organs (2, 3) . Thymic epithelial cells are in intimate contact with thymic lymphocytes and as well, produce thymic hormones such as thymopoietin and thymosin a-1 (4-6).
Eisenbarth et al. have recently characterized a murine monoclonal antibody (A2B5) that reacts with a complex neuronal GQ ganglioside expressed on the cell surface of neurons, neural crest-derived cells, and peptide-secreting endocrine cells (7) (8) (9) . Tetanus toxin (TT),' which binds to GD and GT gangliosides (10) , also binds to this neuroendocrine family of cell types (8) . These observations, coupled with previous studies demonstrating that a portion of thymic epithelium in fowl is neural crest derived (11) , led us to determine if antibody A2B5 and/or TT bound to cells in human and rodent thymus. In this study, we demonstrate that human and rodent thymic epithelial cells express antigens recognized by antibody A2B5 and as well bind TT. A2B5+ and TTV thymic epithelial cells are found in two discrete locations-the subcapsular cortex and medulla. Moreover, using monoclonal antibody A2B5 and rabbit antithymopoietin or antithymosin a-1 antibodies, we showed that A2B5+, TTV thymic epithelial cells contain thymopoietin and thymosin a-i.
METHODS
Thymic tissue procurement and processing. Human thymus tissue was obtained from six normal adolescents at the time of corrective cardiovascular surgery for congenital heart disease, and three adult myasthenia gravis (MG) patients at the time of therapeutic thymectomy. The pathologic diagnosis in all three MG thymuses was thymic hyperplasia. Rodent thymus tissue was obtained from three BB Wistar female 2-mo-old rats and three BALB/c female 6-wk-old mice. Portions of human thymus were gently dissociated from thymic stroma using curved forceps; chunks of tissue were removed by passing the cell suspension through a gauze sponge (12) . Cytocentrifuge preparations were made, stained with Wright's stain, and counted under light microscopy for cell differential. Normal human thymus cell suspensions contained (mean±SEM) 90±1% small lymphocytes, 8±3% large lymphocytes, 1±0.75% monocytes, and 0.3±0.5% eosinophils. Fresh human, murine, and rat thymus was snap frozen in an ethanol-dry ice slurry, embedded in OCT compound (Scientific Products, McGraw Park, IL), and 4-um frozen sections were cut, fixed 10 (Fig. ID) . In no areas of the thymus did A2B5 show rim staining of thymocytes. In addition, single cell suspensions (consisting of lymphocytes) of six normal and three MG thymuses were studied for the expression of antibody A2B5 receptors using indirect fluorescence (13) . Whereas in each thymus we had previously seen that A2B5 reacted strongly with large portions of the thymus, only 3.6±1.1% (mean±SEM) of the thymocytes were A2B5+, a number consistent with epithelial cell contamination of the preparation. In contrast, 97±2% (mean±SEM) of thymocytes were reactive with monoclonal antibody 3A1, a reagent previously shown to bind to the majority of human intrathymic lymphocytes (16) .
To provide supportive evidence that antibody A2B5 binding in the thymus was via ganglioside molecules similar to those found in other A2B5+ neuroendocrine tissues (7) (8) (9) (10) , A2B5 reactivity and TT binding to human thymus was determined before and following chloroform/methanol (2:1) extraction of frozen sections of thymus tissue or following digestion of frozen thymus sections with neuraminidase. We found that chloroform/methanol extraction or neuraminidase treatment completely removed thymic A2B5 and TT binding, whereas the glycoprotein antigen 3Al (16) was unaffected by neuraminidase treatment or chloroform/methanol extraction.
To determine if other components of the human hematopoietic system reacted with antibody A2B5, acetone-fixed frozen sections from a large number of human tissues were tested for A2B5 reactivity. We found normal lymph nodes (two subjects), normal adult spleen (one subject), normal fetal spleen (one subject), normal adult liver (one subject), and normal fetal liver (one subject) did not contain A2B5 reactive components. However, the squamous epithelial basal cell layer in tonsil (two subjects), and the basal epithelial cell layer in skin biopsy sections from three cutaneous T-cell lymphoma patients and two normal subjects did react with A2B5. Thus, nonthymic lymphoid tissue has been reported to secrete thymopoietinlike factors (17, 18) , and regarding lymphoid tissue, both thymic and tonsil epithelium reacted with antibody A2B5.
To correlate A2B5 reactivity with the endocrine function of the thymus, labeling of thymic epithelium with rabbit antithymopoietin (14) or rabbit antithymosin a-i (15) + RITC-conjugated goat anti-rabbit IgG followed by A2B5 + FITC-conjugated goat antimouse IgG was performed ( Fig. 2A and 2B) . We 2A) with bright antithymopoietin staining (Fig. 2B) or antithymosin a-i (data not shown). These experiments were repeated on six thymus specimens with the same results each time. Some other epithelial cells of thymic cortex occasionally appeared to be reactive with antithymopoietin or antithymosin a-i but not with A2B5, but clearly all A2B5 cells reacted either with the antithymopoietin or antithymosin a-i antibodies.
Because all neuroendocrine cell types that we have studied bound antibody A2B5 and also bound TT (8, 9) , using indirect immunofluorescence with monoclonal anti-TT antibodies we studied TT binding to thymus tissue. We found that TT bound to sections of rat and human thymus in a pattern identical to antibody A2B5 (Fig. 3A and 3B ).
DISCUSSION
Monoclonal antibody A2B5 reacts with a glycolipid of neurons with the solubility and chromatographic properties of GQ ganglioside (7) . In a similar manner, TT reacts with cell surface complex GD and GT gangliosides (10). Receptors for both of these molecules were initially detected on neurons, but Eisenbarth et al. recently discovered that peptide-secreting endocrine cells, often derived from the neural crest, also react with antibody A2B5 and bind TT (8, 9) . In this study we have shown that two major regions of thymic epithelium-the subcapsular cortex and the medullareact with antibody A2B5 and TT. (21) . Though the majority of cells reacting with antibody A2B5 are of neural crest derivation, not all A2B5' cells derive from the neural crest. In particular, pancreatic islet cells may not be of neural crest origin (11, 22, 23) , yet these cells and their tumors bind antibody A2B5 and TT (8, 9) . The expression of complex gangliosides by cells, therefore, may reflect a common (endocrine) function rather than common embryonic derivation. The function of surface complex gangliosides on neuroendocrine cells is at present unknown. The unlimited quantities of monoclonal antibody A2B5 available should facilitate studies of the function of these molecules, and most importantly, allow the isolation of thymic epithelial cells reacting with antibody A2B5. A cell surface marker for the endocrine cells of the thymus will undoubtedly facilitate studies of the role of these cells in the differentiation of T lymphocytes and in studies of human immunodeficiency diseases.
